INTRODUCTION
The cochlea is the principal sensory organ of the mam- 
I. BACKGROUND
The inner ear consists of the cochlea, the vestibule, and three semicircular canals; these structures are communicating, fluid-filled spaces within the temporal bone. The cochlea is the primary receptor organ for hearing; it receives acoustic signals from the middle-ear ossicles and distributes sound information to individual auditory nerve fibers.
The cochlea is a tapered tube which is coiled spirally and gets its name from its resemblance to a snail. The cochlear chamber is divided into three dUCts: an upper duct (scala vestibuli), a lower duct (scala tympani), and a central duct Mathematical models of cochlear mechanics are often used to test theories about cochlear function. One-dimensional (transmission line) models helped establish the traveling-wave character of basilar membrane motion (Zwislocki, 1950; Peterson and Bogert, 1950) . Nonlinear models help to explain the generation and propagation of distortion signals in the cochlear (Kim et al., 1973; Hall, 1974; Matthews, 1980) . Cochlear frequency analysis and sensitivity are being investigated with cochlear models by the addition of"second filters" and active elements to the cochlear partition (Allen, 1977; Zwislocki and Kletsky, 1979; Neely and Kim, 1983 ).
For additional background on mathematical models of cochlear mechanics, the review papers of de Boer (1980 Boer ( , 1984 are recommended.
I1'. COCHLEAR MACROMECHANICS
The effects of fluid viscosity and compressibility are generally considered to be much less important than the in-ertial properties of the cochlear fluid (Viergever, 1980) . The influence of the spiral curvature of the cochlear channels is also considered to be relatively unimportant (Loh, 1983) . By ignoring these effects and assuming constant rectangular cochlear cross sections, cochlear macromechanics reduces the problem to solving for the pressure distribution in a rectangular box, divided into upper (scala vestibuli) and lower (scala tympani) halves by a partition (primarily the basilar membrane) and filled with an incompressible, inviscid fluid (see Fig. 1 ). By invoking the additional assumption that the upper and lower channels are geometrically symmetric about the partition, the problem can be formulated within a single cochlear chamber.
Let p represent the difference in Pressure between the upper channelput and lower channelpro: p(x, y, z) = P•c (x, y, --z) --Puc (x, y, z).
(1)
In addition to the three spatial variables x,y, and z,p will also be a function of either time or frequency depending on the yoe(X, W,z) = 0.
The partition boundary moves with acceleration •t(x); (y): The isodisplacement curve in Fig. 5(a) shows the sound pressure level at the eardrum needed to produce 1 nm (average) displacement of the cochlear partition. The group delay in Fig. 5(b) is defined as minus the derivative with respect to frequency of the phase of the response relative to the stimulus.
The dashed line in Fig. $(b) represents the sound pressure level needed to increase the discharge rate of four nerve fibers in one cat by I spike per 50-ms tone burst. Group delay was computed by Allen (1983} for three of the same nerve fibers for frequencies below about 3.5 kHz. The neural group delay is shown in Fig. $(b} with 1.2 
The mechanical parameters for mass, stiffness, and damping in Eq. (B5) must be chosen in order to solve forpa in Eq. {B3). The form ofZ (x) may be different for other models of cochlear micromechanics.
